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Abstract

The group IVA calcium-dependent cytosolic phospholipase A, (CPLA»a) enzyme controls the
release of arachidonic acid from membrane bound phospholipids and is the rate-limiting step in
production of eicosanoids. A variety of different kidney injuries activate cPLA,a., therefore we
hypothesized that cPLAsa activity would regulate pathologic processes in HK-2 cells, a human
renal tubular epithelial cell line, by regulating cell phenotype and proliferation. In two lentiviral
cPLAya-silenced knockdowns, we observed decreased proliferation and increased apoptosis
compared to control HK-2 cells. cPLAa-silenced cells also demonstrated an altered morphology,
had increased expression E-cadherin, and decreased expression of Ncadherin. Increased levels of
E-cadherin were associated with increased promoter activity and decreased levels of SNAIL1,
SNAIL2, and ZEB1, transcriptional repressors of E-cadherin expression. Addition of exogenous
arachidonic acid, but not PGE,, reversed the phenotypic changes in cPLAa-silenced cells. These
data suggest that cPLA,a may play a key role in renal repair after injury through a PGE,-
independent mechanism.
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Introduction

Directed damage to the renal epithelium is sufficient to cause acute kidney injury (AKI) in
animal models.(1) Published data has demonstrated that during AKI renal tubular epithelial
cell (RTE) damage and phenotypic change is sufficient to drive tubulointerstitial fibrosis,
which is the final common histologic finding shared by all forms of progressive renal injury.
(2, 3) Furthermore, while AKI in humans often resolves after withdrawal of the original
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insult, accumulating data has shown that many patients with AKI develop chronic kidney
disease (CKD).(4, 5)

Extensive research has focused on the role of RTESs during the response to renal injury. In
patients with kidney damage, the loss of epithelial markers in RTEs and re-expression of
mesenchymal markers correlates closely with the level of renal dysfunction.(6, 7) These
phenotypic changes by RTEs may not only be markers of injury, they may also be necessary
for repair. To recover kidney function after tubular injury, RTES must partially
dedifferentiate, proliferate, and repopulate injured tubules.(8) In contrast, RTE cell cycle
arrest has been shown to promote a pro-inflammatory phenotype that leads to progressive
tubulointerstitial fibrosis.(9) The pathways regulating these biological processes in RTEs are
still poorly understood.

Eicosanoids are biologically active lipid products of arachidonic acid metabolism.
Arachidonic acid is esterified to the sr-2 position of membrane phospholipids. Hydrolysis of
membrane bound phospholipids by the phospholipase A, class of enzymes, in particular
group IVA phospholipase A, (calcium dependent cytosolic phospholipase A2a, hereafter
cPLA,a), represents the rate-limiting step in eicosanoid production. Free arachidonic acid
can subsequently be metabolized through three classically defined enzymatic pathways:
cyclooxygenases to produce prostaglandins and thromboxane, lipoxygenases to produce
leukotrienes and hydroxyl-eicosatetraenoic acids (HETES), and cytochrome P450 to produce
mostly epoxygenated fatty acids (EETs) and HETEs. Eicosanoids have long been known to
regulate tubular salt and water transport, and interact with the renin-angiotensin-aldosterone
system (RAAS) in the kidney.(10) Importantly, many different types of kidney injury
increase activity of cPLAya or downstream enzymes such as cyclooxygenases.(11-13)
Animal CKD models, such as ureteral obstruction, glomerular disease and polycystic kidney
disease (PKD), appear to also regulate cPLA,a and cyclooxygenases.(14-16) Since a wide
variety of kidney insults induce cPLAya activity, it is likely that downstream eicosanoids
direct important biological processes in the renal epithelium. Furthermore, accumulating
evidence supports that cPLAya itself, independent of its canonical functions, may play
fundamental roles in membrane trafficking and cellular proliferation.(17, 18)

Although cPLAsa activity is altered in renal injury, the role of cPLA,a in specific cell types
has not been well studied. Since expression is ubiquitous, it is likely that regulation of
cPLA,a may control different processes in different cell types. The aim of this study was to
investigate the role of cPLAja in cultured human renal proximal tubular epithelial cells
(HK-2 cells). HK-2 cells are a well-established cell line that is frequently used to study renal
epithelial injury and repair. We hypothesized that cPLAa controls the epithelial phenotype
of HK-2 cells, thereby changing their state of differentiation and potentially altering their
response to injury.

Materials and Methods
HK-2 Epithelial Cell Culture

HK-2 cells, a human proximal tubular epithelial cell line, were purchased from ATCC
(Manassas, VA). Cells were maintained in DMEM/F12 (1:1) media (Mediatech, Manassas
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VA) with penicillin (100 units/ml), streptomycin (100 pg/mL), bovine pituitary extract (BPE,
25 pg/mL; Life Technologies, Carlsbad, CA) and 10% fetal calf serum (Hyclone, South
Logan, UT). Trypsin with EDTA (Mediatech, Manassas, VA) was used for passaging of
cells. Transduced cell lines were maintained by the addition of puromycin (2 ug/mL) to this
media as noted below. Arachidonic acid, prostaglandin E,, and sulindac (Sigma, St. Louis)
were dissolved in dimethyl sulfoxide (DMSO, Sigma, St. Louis). Human transforming
growth factor beta (TGF-p1) was purchased from R&D Systems (Minneapolis, MN). For all
experiments, cells were growth-restricted in serum-free DMEM/F12 supplemented with
BPE on day 2 unless otherwise indicated. Reagents were added to growth-restricted media
directly via pipetting.

Lentiviral shRNA Transduction

HK-2 cells were plated in DMEM/F12 with 10% FCS and BPE on a 60mm plate. 24 hours
later, 200 pL of sterile 150mM NaCl, 0.5ug of each packaging vector (PI, P11, PI11), 1 pg of
lentiviral ShRNA plasmid (sShRNA1, shRNA2, and pLKO empty vector), and 16 pL of
TurboFect (Fermentas) were mixed and incubated at room temperature for 15 minutes. The
mixture was then dripped into the media of previously cultured 293T cells and incubated at
37°C overnight. The following morning, media was aspirated from the 293T cells and
replaced with 4 mL of DMEM/F12 with 10% FCS and BPE. After 24 hours, target cells
were treated with polybrene (final concentration 8 mcg/mL) for 60 minutes. Viral media was
collected from the 293T cells and fresh media was placed on the 293T cells. Polybrene was
added to the viral media and the mixture was passed through a 0.45 um syringe filter. The
media was aspirated from the target cells and the viral media was placed on the target cells
and incubated for 6hr at 37°C. Thereafter, the media on the target cells was aspirated and
replaced by 4 mL of DMEM/F12 with 10% FCS and BPE containing polybrene. Viral
infections were repeated the following day, after which cells were placed into selection
media with DMEM/F12 and 10% FCS and BPE containing 2 pg/mL puromycin. ShRNAs
are in lentiviral vector pGIPZ (Open biosystems) with the following hairpin sequences:

V2LHS_136016 (shRNAL): 5°-TGC TGT TGA CAG TGA GCG CCC TGA
TGA ATT TGA GCG AAT ATA GTG AAG CCA CAG ATG TAT ATT CGC
TCA AAT TCATCA GGA TGC CTACTG CCT CGG A-3’

V2LHS_271391 (shRNA2): 5°-TGC TGT TGA CAG TGA GCG CCC TTG
TAT TCT CAC CCT GAT TTA GTG AAG CCA CAG ATG TAA ATC AGG
GTG AGA ATA CAA GGT TGC CTACTG CCT CGG A-3’.

Quantitative RT-PCR

Total RNA was isolated from HK-2 cells using the QlAshredder and RNeasy Plus kits
(Qiagen, Valencia CA) and first strand cDNA was made using the iScript cDNA synthesis
kit (BioRad, Hercules CA). gRT-PCR reaction was performed with SYBR Green PCR
master mix (Applied Biosystems, Carlsbad CA). Sequence-specific primers are as follows:

B-Actin Forward 5’-AGATCAAGATCATTGCTCCTC-3’
Reverse 5’-AACAACGCATCTCATATTTGG-3’
E-cadherin Forward 5’-GGCTGGACCGAGAGAGTTTC-3’
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Reverse 5’-GGTGTATACAGCCTCCCACG-3’

N-cadherin Forward 5’-GCCCGCTATTTGTCATCAGC-3’

Reverse 5’-TGCAGTTGCTAAACTTCACATTG-3’

Platelet Derived Growth Factor-B Forward 5’CCTCCAGCCTCGCTGC-3
Reverse 5’-TCTTCCTCTCCGGGGTCTC-3’

Smooth muscle a-actin Forward 5’-CAGCGACCCTAAAGCTTCCC-3’
Reverse 5’-CAGGATTCCCGTCTTAGTCCC-3’

SNAIL-1 Forward 5° CGCGCTCTTTCTCGTCAG

Reverse 5’-TCCCAGATGAGCATTGGCAG

SNAIL-2 Forward 5’-AGACCCCCATGCCATTGAAG-3’

Reverse 5’-GGCCAGCCCAGAAAAAGTTG-3’

Transforming Growth Factor B1Forward 5’-
CGTGGAGGGGAAATTGAGGG-3

Reverse 5’-AGAAGTTGGCATGGTAGCCC-3’

Vimentin Forward 5’-GTGGACCAGCTAACCAACGA-3’
Reverse 5’-CCTGGATTTCCTCTTCGTGGA-3’

ZEB-1 Forward 5’-GGGAGGATGACACAGGAAAGG-3’
Reverse 5’-TTACACCCAGACTGCGTCAC-3’

Immunoblotting

At the indicated times, HK-2 cells were lysed with ice-cold lysis buffer (50 nM -
glycerophosphate, 100 uM NazVOy, 2 mM MgCl,, ImM EGTA, 0.5% Triton X-100, and 1
mM DTT) containing protease inhibitor cocktail (Sigma). Solubilized proteins were
centrifuged at 14,000g in a microcentrifuge (4°C) for 10 min. Protein concentration of
supernatants were determined using a Bradford assay (BioRad, Hercules CA). Protein was
separated using 10% SDS-polyacrylamide gel electrophoresis and transferred to Immobilon
P membranes (Millipore, Billerica MA). Membranes were blocked for 1 hour at room
temperature in Tris-buffered saline (10mM Tris- HCI, pH 7.4, 140mM NaCl) containing
0.1% Tween-20 (TTBS) and 5% milk or BSA (Sigma, St. Louis MO), and then incubated
with 5% milk or BSA in TTBS solution containing primary antibodies for 16 hours at 4°C.
Membranes were washed in TTBS, and bound antibodies were visualized either with
Horseradish Peroxidase-coupled secondary antibodies and ECL reagent (Fisher, Pittsburgh
PA) or Alkaline phosphatase-coupled secondary antibodies and Lumi-Phos WB (Thermo
Scientific, Rockford IL) according to the manufacturer’s directions. Antibodies used were E-
cadherin and N-cadherin (BD Biosciences, San Jose, CA), cPLA,, cleaved caspase-3, total
ERK 1/2, phospho-ERK, total Akt, and phospho-Akt (Cell Signaling, Beverly, MA) and f-
Actin (Sigma, St. Louis MO). Anti-rabbit and anti-mouse secondary antibodies were used
(Santa Cruz, Dallas TX).
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Plasmids and Transient Promoter Assays

For transient transfections measuring promoter activity, a plasmid encoding —108 bp of E-
cadherin promoter ligated into a luciferase vector (PA3-Luc) was used. HK-2 cells were
transiently transfected with Lipofectamine 2000 (Life) in 60-mm dishes using 1 g of the E-
cadherin promoter-luciferase construct together with 1 pg of a plasmid encoding
cytomegalovirus-p-galactosidase vector (Clontech, Mountain View CA) for normalization of
transfection efficiency. Cells were kept in Opti-MEM (Life Technologies, Carlsbad, CA) and
transfection reagents for five hours. Full DMEM/F12 media with 10% FCS was added after
five hours. Cells were collected after 24 hours. Transiently transfected HK-2 cells were then
washed twice with ice-cold PBS and harvested in luciferase reporter lysis buffer (Promega,
Madison, WI). Cell lysates were centrifuged, and the supernatants were assayed for
luciferase and B-galactosidase activities as previously described.(19)

SH-Thymidine Incorporation

HK-2 cells were passaged with trypsin-EDTA, then washed with sterile HANKS buffer,
centrifuged at 300g x 5 minutes, followed by aspiration of supernatant. Cells were
resuspended in DMEM/F12 media containing 10% FCS and BPE and were counted using a
hemocytometer. 275,000 cells per well were then plated in a 6-well plate and incubated
overnight at 37°C. On day 2, cells were serum restricted in DMEM/F12 containing BPE for
an additional 24 hours. 3H-Thymidiine (ImCi/ml) was then added to the serum-free media
or media containing 10% FCS and BPE and incubated for 6 hours. Cells were rinsed
extensively on ice with ice-cold PBS to remove free 3H-Thymidine, and then precipitated
with 10% (w/v) trichloroacetic acid (TCA, Sigma) for 30min on ice. Cells were then rinsed
with 10% TCA, followed by three washes with 95% ice-cold ethanol. Ethanol was removed
and samples were air-dried on ice. Precipitated material was solubilized with 300 pL of
SDS/NaOH solution. 3H-Thymidine incorporation was quantified via a scintillation counter
(Beckman). Protein concentration was measured with DC Protein Assay (Biorad).

Cell Counting

Passage and resuspension of HK2 cells into media containing 10% FCS was performed as
noted above with the exception of removal of BPE as a supplemental growth factor. 20,000
cells per well were plated in a 24-well plate in triplicate and incubated overnight at 37°C. On
day 2, baseline cell count (t = 0 hrs) was determined for each ShRNA population by lifting
cells with 500 pl trypsin-EDTA and washing wells with an equal volume of DMEM/F12
media containing 10% FCS. Cells were then immediately pipetted onto plastic disposable
cell counting chambers and counted using an automated cell counter (Cellometer, Nexcelom,
Lawrence, MA). Remaining cells were then kept in either 10% media or serum free media
and allowed to proliferate longer. Cells were then collected in similar fashion at t = 24, 48,
and 72 hours from baseline count.

Statistical Analysis

All data are presented as mean +/— SEM. Paired t-tests were performed to compare two
groups. For multiple condition comparisons, ANOVA with Tukey’s post-test was used. -
values <0.05 were considered statistically significant.
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Silencing cPLAsa alters proliferation, morphology, and epithelial phenotype of HK-2 cells

To determine the biological role of cPLA»a in renal tubular epithelial cells, we transfected
HK-2 cells with two separate lentiviral short hairpin RNAs (ShRNAL and shRNA2). These
two shRNA constructs target two different sequences specific to the group IVA
phospholipase A2 transcript. Both cPLA»a knockdowns demonstrated significant depletion
of cPLA,a although shRNAL exhibited the most robust silencing by Western blot (Figure
1A). Successful silencing was confirmed by measuring specific enzymatic activity
(Supplemental Figure 1). We next examined the effect of cPLAya silencing on
cyclooxygenase isoforms-1 and -2 expression. Cyclooxygenase 1 (COX-1) expression was
unchanged in cPLA»a silenced cells assessed by immunoblotting (Figure 1B).
Cyclooxygenase 2 (COX-2) was not detected in control or transfected cells (Figure 1C) by
Western blotting. This is not unexpected, as COX-2 is constitutively expressed only in the
distal nephron.(20)

Under phase-contrast light microscopy, control HK-2 cells appeared elongated and
demonstrated multiple spindle-like projections (Figure 1D). This phenotype has been
reported with immortalized HK-2 cells and is also observed in primary cultured human
proximal tubular epithelial cells possibly due to lower overall E-cadherin expression than in
distal tubular epithelial cells.(21, 22) In contrast, cPLA,a silenced HK-2 cells appeared
more cuboidal with less spindle-like projections and clustered more cohesively (Figure
1E,F) than control cells.

Tubular epithelial cell proliferation is critically important in renal repair after injury.(23) We
sought to measure cell proliferation in cPLAya-depleted cells using a variety of techniques.
Both groups of cPLA,a knockdown cells demonstrated significantly less proliferation
compared to control cells under serum free conditions using 3H-thymidine incorporation
(Figure 2A). This was also observed in the presence of serum, although the difference failed
to reach statistical significance. Separately, cell counts were obtained and as compared to
pLKO controls we appreciated significantly decreased cell numbers while growing in serum-
supplemented conditions at 48 hours (p<0.001 and p<0.05 for shRNA1 and shRNA2 vs
pLKO controls, respectively) and 72 hours (p<0.001 for both shRNAs vs pLKO controls).
pLKO control cells also proliferated at a faster rate in serum starved conditions at 72 hours
(p<0.001 and p<0.01 for shRNA1 and shRNA2 vs pLKO controls, respectively) (Figure
2B,D). We next investigated potential downstream signaling pathways. cPLAsa-silenced
cells exhibited no significant difference in basal or serum-stimulated ERK 1/2 and Akt
activation (Supp. Figure 2A,B), implicating additional pathways are responsible for the
changes in proliferation. To determine if cPLAya regulates apoptosis, we examined changes
in cleaved caspase-3. In both populations of silenced cells we observed higher levels of
cleaved caspase-3 by western blot (Figure 2B), suggesting increased levels of apoptosis may
contribute to altered proliferation. To determine potential phenotypic changes at the
molecular level, we examined mRNA and protein expression of E-cadherin, an epithelial
marker, and N-cadherin, a mesenchymal marker, under basal serum free conditions or in the
presence of TGF-B (Figure 3A,B). TGF-B is a growth factor that induces an epithelial to
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mesenchymal transformation (EMT) in many different cell types, including renal epithelial
cells.(24) Under basal conditions, both cPLA»a silenced cell populations expressed
significantly more E-cadherin (Figure 3A,C) and less N-cadherin (Figure 3B,D) compared
with control HK-2 cells, correlating with the observed phenotype under microscopy. TGF-p
significantly decreased E-cadherin expression in all cells; however, levels of E-cadherin
remained higher in the cPLA,a- depleted cells (Figure 3A,C).

AKI leads to a temporary re-induction of mesenchymal markers such as vimentin and
smooth muscle alpha actin (a-SMA).(6, 25) Expression of platelet-derived growth factor
subunit B (PDGF-B) is also seen in injured epithelial cells and may promote renal fibrosis.
(26) Expression of a-SMA, vimentin, and PDGF-B were significantly downregulated with
cPLAsa silencing (Figure 4), consistent with the acquisition of a more differentiated
phenotype in these cells. We also examined production of connective tissue growth factor
(CTGF) and TGF-; both were unchanged. These results show that cPLAa promotes a
more mesenchymal phenotype and also increase production of growth factors associated
with mesenchymal transformation in epithelial cells.

cPLA»a directly regulates E-cadherin promoter activity

E-cadherin expression is regulated at many levels, including transcriptionally. To determine
if cPLAa regulated transcription of E-cadherin, we measured E-cadherin promoter activity
using a luciferase reporter construct. Both cPLAa-silenced cells demonstrated increased E-
cadherin promoter activity as compared with control HK-2 cells (Figure 5A). We then
measured expression of known transcriptional repressors of E-cadherin including SNAIL-1,
SNAIL-2 (SLUG), and ZEB-1;(27) all demonstrated lower baseline levels compared to
HK-2 controls (Figure 5B-D). Therefore, cPLAa increases levels of numerous
transcriptional repressors of E-cadherin and promotes epithelial de-differentiation.

Exogenous Arachidonic Acid reverses the phenotype of cPLAsa silenced HK-2 cells

We hypothesized that the effects of cPLA,a on HK-2 cells were mediated through altered
production of specific eicosanoid products. Shunting of arachidonic acid through the COX
pathway resulting in production of PGE; is known to stimulate cell proliferation.(28) Since
proximal tubular epithelial cells express cyclooxygenase enzymes responsible for PGE,
generation,(20) we sought to determine if addition of exogenous PGE, would reverse the
effect of cPLAa depletion. We treated cells with increasing physiologic concentrations of
PGE,, which produced a dose dependent increase in E-cadherin expression in both control
cells and cells silenced for cPLAya. (Figure 6A). These data suggest that a decrease in PGE,
is not responsible for epithelial phenotype in cPLAa- silenced cells. We also administered
sulindac sulfide, a pan-COX antagonist, to all three cell lines. Sulindac (5 uM) decreased E-
cadherin levels in all cell lines (Figure 6B), but to a greater extent in control cells. This result
is consistent with increases in E-cadherin seen with PGE5 treatment. Treatment with NS398
(10 uM), a selective COX-2 antagonist, did not result in changes in E-cadherin expression
(Supplemental Figure 3). Since the direct action of cPLAja is to increase free arachidonic
acid, we examined the effect of adding exogenous arachidonic acid to these cells.
Arachidonic acid (5 uM) decreased E-cadherin expression in control and cPLAa-silenced
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cells (Figure 6C). This data shows that cPLAya regulates epithelial phenotype through an
arachidonic acid-dependent but prostaglandin E,-independent mechanism.

Discussion

In this study, we tested the hypothesis that cPLA,a, the rate-limiting enzyme in the
production of arachidonic acid derived eicosanoids, is important in controlling the basal
epithelial phenotype of proximal tubular epithelial cells. We found that loss of cPLA,a
promotes a quiescent, more differentiated epithelial phenotype. To our knowledge, this is the
first report to establish a connection between cPLA»a activity and epithelial phenotypic
changes in renal tubular epithelial cells. PGE, would seem a logical mediator of increasing
E-cadherin expression in renal tubular epithelial cells. Silencing of cPLAa has been shown
to upregulate COX-1 and PGE, production, and downregulate lipoxygenase products, in a
prostate cancer cell line.(29) Additionally, Zhang et al. showed that addition of exogenous
PGE, blunts TGF-p induced epithelial to mesenchymal transformation in Madin-Darby
canine kidney cells (MDCK).(30) These data are consistent with our own observations that
physiologically relevant concentrations of PGE; increase E-cadherin expression. However,
as compared with distal tubular epithelial cells, proximal tubular epithelial cells express
lower concentrations of COX-1, prostaglandin synthases, and much less COX-2 expression.
(20, 31) These are consistent with our own observations. We also did not detect a significant
change in COX-1 expression among our cPLAya-silenced cells in contrast to data published
by Niknami et al. which demonstrated that cPLAya silencing increased COX-1 expression
in prostate cancer cells.(29) Furthermore, we did not detect PGE, production in any of our
HK-2 populations by ELISA using whole cell homogenates (data not shown).

PGE; is only one of many potential downstream products of cPLAa.. Depending on the cell
type, cPLAa will catalyze the production of arachidonic acid-dependent prostaglandins,
thromboxanes, leukotrienes, HETES and EETs. Since cPLAa is regulated by diverse
stimuli, it is important to investigate the net effects of cPLAya activity on tubular epithelial
cells. Proximal tubular epithelial cells produce other metabolites of the COX pathway such
as PGD; however, treatment with a pan COX inhibitor (Figure 6B) and a selective COX-2
inibitor (Supplemental Figure 3) did not replicate the phenotype of cPLA,a-silenced cells.
Renal tubular epithelial cells are not known to express 5-lipoxygenase or other
lipoxygenases, which are mostly found in myeloid-derived cells.

Cytochrome P450 epoxygenases and w-hydroxylases are mainly expressed in the
vasculature however these enzymes have been detected in the rat proximal tubule.(32) Given
that some P450-derived products have been shown to induce proliferation in renal tubular
epithelial cells(33, 34) it remains possible that cPLAa silencing suppresses the production
of these potential mitogens. However, most of the available data has studied tubular
epithelial cells as targets and not effectors of P450-derived EET and HETE products, and
there is scant data that the human proximal tubule is a major site of P450-derived EET and
HETE synthesis. Additionally, we have analyzed eicosanoid production using an unbiased
liquid chromatography, tandem mass-spectrometry (LC/MS/MS) approach(35) in order to
identify any alteration in the pool of downstream eicosanoids produced by the cPLAsa
silenced cells. We detected very low levels of arachidonic acid from each population of cells
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but no downstream eicosanoid products, in particular no derivatives of cyclooxygenase or
P450 enzymatic action (data not shown). LC/MS/MS was performed on serum restricted
cells as with other experiments but not performed using a calcium ionophore nor were
nuclear or cytosolic fractions obtained from the cells. The limit of detection for eicosanoids
using this method is around 100pg of total protein and experiments were plated in triplicate
with > 1.0x10° cells yielding approximately 1-2mg of total protein.

Our data suggest that arachidonic acid itself may promote EMT in epithelial cells. Prior
published data from our lab has also shown that arachidonic acid was protective to rat
proximal tubules in a model of AKI due to hypoxia.(36) There is a limited literature that
arachidonic acid has biological actions independent of its metabolites. Some studies suggest
that arachidonic acid increases caspase-driven apoptosis directly.(37) Contrary to this data
we appreciated increased levels of cleaved caspase-3 expression in our cPLAya-silenced
cells, though we did not analyze changes in apoptosis and proliferation in arachidonic acid-
treated cells. We did appreciate a reduction in E-cadherin expression in our AA-treated
pLKO cells, suggesting that loss of cPLA2a wasn’t required for the effects of AA-treatment.
Ultimately, we cannot be certain that a particular downstream eicosanoid product wasn’t
responsible for these effects since we did not attempt to measure eicosanoid production after
the addition of arachidonic acid.

Actions of cPLAa itself, independent of its downstream mediators, might be responsible
for the phenotypic changes observed in our shRNA knockdown cells. Published data has
demonstrated that cPLAa directly regulates mitotic entry through the G2/M checkpoint
through its interaction with the tumor suppressor gene SIRT2.(18) Additionally, cPLAa
may play a role in intracellular membrane trafficking.(17) Unfortunately, there is limited
data regarding the role of cPLAya in non-transformed epithelial cells. cPLAa is highly
expressed in human and murine cancer cells, and the level of activity is closely linked with
proliferation(28). We have appreciated that HK-2 cells have significantly lower cPLAa
levels than transformed cancer cell lines, such as Lewis Lung Carcinoma (LLC) cells via
Western blot (data not shown). Detection of cPLAa in HK-2 cells required a 10-fold
increase in protein loading compared to proliferating LLCs. We believe this lower basal
expression of cPLAya, or alterations in phosphorylation status, might be responsible for the
similar biological activity observed among our two cPLAa knockdown cells despite a
difference in expression by Western blotting (Figure 1A). In cells with lower basal cPLAya
expression a greater than 50% degree of knockdown might be all that is required to elucidate
similar biologic changes as compared with cells with relatively higher cPLAa expression.
Our findings cannot be generalized to non-immortalized proximal tubular epithelial cells, or
other tubular epithelial cells. We focused on proximal tubular epithelial cells due to their
importance in renal injury, such as in ischemia and toxin-related injury. Furthermore, HK-2
cells are one of the most well studied proximal tubular epithelial cell line.

We believe that our findings may have important implications for kidney disease research.
Recent data has documented the significance of RTE phenotype in models of progressive
renal injury. Some investigators propose that these changes in epithelial cells may be the
earliest events that dictate the complex downstream pro-inflammatory, pro-growth signals
culminating with pathologic renal tubulointerstitial fibrosis.(38, 39) It is possible that early
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cPLAa activation in renal epithelium may promote renal repair by initiating partial
dedifferentiation, proliferation, and migration, which are associated with repair. In contrast,
cPLAa activation in other cell types, including inflammatory cells results in eicosanoid
production, which promotes injury. Thus, the net response will likely be a balance between
cell-specific pathways that have opposing effects on progression of renal injury. Further
research is needed to define the production of specific eicosanoids by different cell
populations in diverse models of renal injury. Interventional studies could then test whether
the manipulation of cPLAa in specific cell types modifies renal recovery and repair.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. Silencing cPLAa expression in HK-2 cells alters epithelial
morphology and proliferation

. cPLA,a alpha controls E-cadherin promoter activity directly in HK-2
cells
. These effects are mediated by arachidonic acid or cPLAya itself, and

are not dependent on PGE,
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cOX-2 aﬁ’

A

pLKO shRNA1 shRNA2

Figure 1. Silencing cPLA2a in HK-2 cells alters epithelial phenotype
cPLAZ2a-silenced cells (ShRNAs -1 and -2) expressed significantly less cPLA2a compared

to control cells (pLKO) by western blot (A). Expression of COX-1 (B) and COX-2 (C) did
not significantly change in these cells. For cPLA2a and COX-1 blots densitometry for N=3
separate experiments is shown. Under 20x phase-contrast microscopy cells from both
shRNA cells demonstrated a more cuboidal shape and more readily packed in compared to
control cells under similar confluence (D-F). *p<0.05 vs pLKO controls
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Figure 2. Silencing cPLAa alters cellular proliferation and apoptosis in HK-2 cells
Cells were growth restricted for 24 hours before addition of 3H-thymidine and were either

kept in serum-free media for 6 hours or treated with 10% fetal calf serum (FCS) (A).
Automated cell counts from the three populations of HK-2 cells proliferating under serum
(B) and serum free (D) conditions are shown. Lysates from serum-restricted cells were
analyzed for cleaved caspase-3 expression and normalized to p-actin (C). Densitometry for
N=3 separate experiments is shown. * p<0.05 vs. pLKO controls
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Figure 3. cPLA2a in HK-2 cells alters expression of E-cadherin and N-cadherin
pLKO controls and cPLA2a-silenced cells were treated with TGF-p (10 ng/ml) or vehicle

(DMSO) in serum free media for 24 hours before collection. Results in upper panels
demonstrate mRNA levels assessed by qPCR for E-cadherin (A) and N-cadherin (B)
normalized to B-actin; as well as protein levels assessed by western blotting (C and D,
respectively). * p<0.05 with TGF-p verses vehicle treated pLKO controls, ** p<0.05 without
TGF-B versus vehicle treated pLKO controls
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Figure 4. cPLAZ2a silencing alters expression of proximal tubular epithelial mesenchymal
markers and growth factors

gPCR was used to assess message levels of the mesenchymal markers vimentin and aSMA,
along with growth factors such as PDGF-B, TGF-, and CTGF. Results displayed are
mRNA/Bactin expression relative to values obtained by pLKO controls (dotted line). *
p<0.05 vs. control.
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Figure 5. cPLA2a regulates the E-cadherin promoter
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Control and shRNA cells were transfected with an E-cadherin promoter luciferase construct
and a CMV p-galactosidase construct and collected after 48 hours. Luciferase activity was
measured using a luminometer and is normalized to p -galactosidase levels (A). mMRNA
levels for SNAIL-1 (B), SNAIL-2 (SLUG) (C), and ZEB-1 (D) were measured by qPCR. *
p<0.05 vs. control.
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Figure 6. Arachidonic Acid, not PGE2, reverses the phenotype of cPLA2a silenced epithelial
cells

PGE2 was given at physiologic (1.0, 5.0 uM) and supra physiologic (10.0 pM)
concentrations to all three cell lines (A) under serum restricted conditions 72 hours before
collection. Similarly, vehicle solution (DMSO) or sulindac (5.0 uM) (B), and vehicle
(DMSO) or arachidonic acid (5 pM) (C) were given to all three cell lines. Respective
densitometry for 3 parallel arachidonic acid experiments is displayed with results
normalized to B-actin levels with fold change values normalized to vehicle treated control
cells. Protein levels of E-cadherin and B-actin were measured by western blot. PGE2 =
prostaglandin E2. Ar Acid = Arachidonic Acid * p<0.05 with arachidonic acid versus
vehicle treated pLKO cells, ** p<0.05 without arachidonic acid vs vehicle treated pLKO
cells.
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